i b s 

•a-sr 



10 



13 



18 



DATA 
SOURCE 



VERTEX 
MEMORY 




V(N+2) 



TRANS- 
FORMATION 



20 



1 


V(N+ 

r 


SET-UP 

RENDERING 




V(N) 


DISPLAY 



Figure 1 
(PRIOR ART) 



NVIDP010/P000127 V5.0 



22 



22 



Before 



22 




After 



Figure 1A 
(PRIOR ART) 



NVIDP010/P000127 V5.0 







i 


L/ ///// ^ 56 




Set-up 




Rasterizer 




1 


Data Out 


1 
I 



Figure 1B 



NVIDP010/P000127 V5.0 



200 



Command 



Mode Bits 



202 



Data 



204 



dataf0:631 



dataf64:1271 



Data 



50 



v.x 


v.y 


v.z 


v.w 


cO.r 


cO.g 


cO.b 


cO.a 


d.r 


d.q 


ct.b 


fog 


tO.s 


to.t 


tO.r 


tO.q 


tl.s 


tl.t 


t1.r 


tl.q 


rt.x 


n.y 





205 



Figure 2 



Co^and Tran^orn, Lighting Descrjptjon 



FE2XF_CMD_NOP 






No operation. Can be used as a spacer between 
commands 


FE2XF CMD VERTEX 


read 


read 


Vertex data. 


FE2XF_CMD_PASSTHR 






Passthrough. Transform and lighting pass the data 
through. 


FE2XF CMD RDVAB 






Read the VAB contents when context switching. 


FE2XF CMD LDMODE 






Load new mode bits. 


FE2XF CMD LDXFCTX 


write 




Load transform context memory data 


FE2XF CMD RDXFCTX 


read 




Read transform context memory data. 


FE2XF CMD- LDLTCTX 




write 


Load lighting context memory data. 


FE2XF CMD RDLTCTX 




read 


Read lighting context memory data. 


FE2XF CMD LDLTC0 




write 


Load lighting contextO memory data. 


FE2XF CMD RDLTC0 




read 


Read lighting contextO memory data. 


FE2XF CMD LDLTCt 




write 


Load lighting context l memory data. 


FE2XF CMD RDLTCl 




read 


Read lighting context 1 memory data. 


FE2XF CMD LDLTC2 




write 


Load lighting context2 memory data. 


FE2XF CMD RDLTC2 




read 


Read lighting context2 memory data. 


FE2XF CMD LTLTC3 




write 


Load lighting context3 memory data. 


FE2XF CMD RDLTC3 




read 


Read lighting context3 memory data. 


FE2XF_CMD_SYNC 


read+ write 


read* write 


Similar to NOP, but is not allowed to be processed 
in parallel. 



Figure 2A 
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RECEIVING A PLURALITY OF SETS OF VERTEX ATTRIBUTES IN A 
VERTEX ATTRIBUTE BUFFER FOR BEING PROCESSED, EACH SET 
OF ATTRIBUTES INCLUDING A PLURALITY OF UNIQUE VERTEX 
ATTRIBUTES CORRESPONDING TO A SINGLE VERTEX 



210 



STORING THE VERTEX ATTRIBUTES IN THE VERTEX ATTRIBUTE 
BUFFER UPON THE RECEIPT THEREOF 



212 



MONITORING THE RECEIVED SETS OF VERTEX ATTRIBUTES IN 

ORDER TO DETERMINE WHETHER A RECEIVED VERTEX 
ATTRIBUTE HAS A CORRESPONDING VERTEX ATTRIBUTE OF A 
DIFFERENT SET CURRENTLY STORED IN THE VERTEX ATTRIBUTE 

BUFFER 



218 




216 



217 



TRANSFERRING THE STORED VERTEX 
ATTRIBUTE TO THE CORRESPONDING 
INPUT BUFFER OF THE PROCESSING 
MODULE OUT OF ORDER UPON IT BEING 
DETERMINED THAT THE STORED VERTEX 
ATTRIBUTE CORRESPONDS TO THE 
RECEIVED VERTEX ATTRIBUTE 



TRANSFERRING EACH SET OF 
STORED VERTEX ATTRIBUTES TO A 

CORRESPONDING ONE OF A 
PLURALITY OF INPUT BUFFERS OF 
A PROCESSING MODULE IN ORDER 



^ END ^ 
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Mode Bit Bits Description 





TO 


1 


Texture 0 enable 




TXFO 


1 


Texture 0 matrix transform enable 




TDVO 


1 


Texture 0 w divide enable 




TOS 


3 


Texture 0 texgen s control 




TOT 


3 


Texture 0 texgen t control 




TOU 


3 


Texture 0 texgen r control 




TOQ 


2 


Texture 0 texgen q control 




TI 


1 


Texture 1 enable 




TXF1 


1 


Texture 1 matrix transform enable 




TDV1 


1 


Texture I w divide enable 




T1S 


3 


Texture 1 texgen s control 




TIT 


3 


Texture I texgen t control 




T1U 


3 


Texture 1 texgen r control 


It— 3 


T1Q 


2 


Texture 1 texgen q control 


:~S 
-is? 


ETY 


1 


Eye type infinite(O) or local(l) 


~>i.l 


LIT 


1 


Lighting enable 




NRM 


1 


Normal normalize enable 




FOG 


1 


Fog enable 




LIS 


16 


Light status (8 lights by 2 bits each, 
0:off,l:infinite,2:local, 3: spotlight) 




FG 


2 


Foggen control (0: off, 1 : radial, 2: plane) 


La 3 


LAT 


t 


Light attenuation control (0: invert, 1: no invert) 


St 


C1I 


1 


Specular color input enable 




CIO 


1 


Specular color output enable 




CM 


4 


Color material control (1: emissive, 2:ambient, 4: 








diffuse, 8: specular) 


i . : 


PP 


1 


Point parameter enable 


?— - 


SKIN 


1 


Skinning enable 




VPAS 


1 


Vertex pass enable 



Figure 3 
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DETERMINE CURRENT THREAO(T) 




GET NEXT INSTRUCTION FOR T# USING CORRESPONDING 
PROGRAM COUNTER (PC#) 



422 



424 



INJECT INSTRUCTIONS INTO PROCESSING MODULE(S) 
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Address Target Action Description 



TPOS 


TBUFFER 


T[0] = ALU 


Position 


TTO 


TBUFFER 


Tf3] = ALU 


TextureO 


TTI 


TBUFFER 


Tf4] = ALU 


Texture 1 


WEV 


WBUFFER,VBUFFER 


W[0] = ALU, V[0].y = 
ALU.w 


Eye vector 


WLVO 


WBUFFER, VBUFFER 


W[l] = ALU, V[l].y = 
ALU.w 


LightO direction vector 


WLV1 


WBUFFER, VBUFFER 


W[2]=ALU, V[2].y = 
ALU.w 


Light 1 direction vector 


WLV2 


WBUFFER, VBUFFER 


W[3] = ALU, V[3].y« 
ALU.w 


Light2 direction vector 


WLV3 


WBUFFER, VBUFFER 


W[4] = ALU, V[4].y = 
ALU.w 


Light3 direction vector 


WLV4 


WBUFFER.VBUFFER 


W[5] = ALU, V[5].y = 
ALU.w 


Light4 direction vector 


WLV5 


WBUFFER, VBUFFER 


W[6] = ALU, V[6].y = 
ALU.w 


Light5 direction vector 


WLV6 


WBUFFER, VBUFFER 


W[7] = ALU, V[7].y = 
ALU.w 


Light6 direction vector 


WLV7 


WBUFFER, VBUFFER 


W[8] = ALU, V[8].y = 
ALU.w 


Light7 dirction vector 


WSLO 


WBUFFER 


W[9] = ALU 


SpotlightO cos 


WSLI 


WBUFFER 


Wfl01 = ALU 


Spotlight 1 cos 


WSL2 


WBUFFER 


Wf 111= ALU 


SpotIight2 cos 


WSL3 


WBUFFER 


V/\\2]- ALU 


Spotlight3 cos 


WSL4 


WBUFFER 


W[13]=ALU 


Spotlight4 cos 


WSL5 


WBUFFER 


W[141 = ALU 


Spotlights cos 


WSL6 


WBUFFER 


Wfl5]-ALU 


Spotlight6 cos 


WSL7 


WBUFFER 


Wri61=ALU 


Spotlight7 cos 


VED 


VBUFFER 


Vr0].x= 1.0, VfOl.z = ALU.w 


Eye radial distance vector 


VLDO 


VBUFFER 


Vf l].x = 1.0, V[l].z = ALU.w 


LightO distance vector 


VLDI 


VBUFFER 


V[21.x=1.0, Vf2].z = ALU.w 


Light 1 distance vector 


VLD2 


VBUFFER 


Vf31.x= 1.0, Vf31.z« ALU.w 


Light2 distance vector 


VLD3 


VBUFFER 


V[41.x= 1.0, Vf41.z = ALU.w 


Light3 distance vector 


VLD4 


VBUFFER 


Vf51.x« 1.0, Vf51.z = ALU.w 


Light4 distance vector 


VLD5 


VBUFFER 


Vf61.x= 1.0, V[61.z = ALU.w 


Light5 distance vector 


VLD6 


VBUFFER 


Vf71.x= 1.0, Vf71.z = ALU.w 


Light6 distance vector 


VLD7 


VBUFFER 


V[81.x= 1.0, Vf81.z = ALU.w 


Light7 distance vector 


vco 


VBUFFERJBUFFER 


Vf 91 = ALU, T[I1 = ALU 


Diffuse color 


VC1 


VBUFFER, TBUFFER 


V[101=ALU,Tr21=ALU 


Specular color 


VNRM 


VBUFFER 


Vflll-ALU 


Normal vector 


VED2 


VBUFFER 


Vfl21=ALU 


Eye planar distance vector 


TVW NOP 






No valid output. 



Figure 10 
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Microcode Field Bits Location Delay Description 



oa 


6 


0:5 


2 


Output buffer write address 


rra 


3 


6:8 


0 


RLU read address 


rwm 


4 


9:12 


2 


RLU write mask 


rwa 


3 


13:15 


2 


RLU write address 


ilu 


2 


16:17 


2 


ILU operation 


alu 


4 


18:21 


1 


ALU operation 


ais 


2 


22:23 


1 


ALU sign control 


aia 


I 


24 


1 


ALU input A mux 


mlu 


3 


25:27 


0 


MLU operation 


mib 


2 


28:29 


0 


MLU input B mux 


mia 


2 


30:31 


0 


MLU input A mux 


va 


3 


32:34 


0 


Input buffer read address 


ce 


1 


35 


0,2 


Context memory read/write 


ca 


6 


36:41 


0,2 


Context memory address 


mr 


2 


42:43 


0 


MLU input vector rotate 
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IDENTIFYING A PLURALITY OF ADDRESSES IN MEMORY BASED 
ID ON THE MODE BITS 
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RECEIVING A PLURALITY OF MATRICES, A PLURALITY OF WEIGHT 
VALUES EACH CORRESPONDING WITH ONE OF THE MATRICES 

AND VERTEX DATA 



1470 



CALCULATING A SUM OF A PLURALITY OF PRODUCTS WITH EACH 
PRODUCT CALCULATED BY THE MULTIPLICATION OF THE VERTEX 
DATA, ONE OF THE MATRICES, AND THE WEIGHT 
CORRESPONDING TO THE MATRIX 



1472 



OUTPUTTING THE SUM OF PRODUCTS FOR ADDITIONAL 
PROCESSING 
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Figure 14D 



NVIDP010/P000127 V5.0 




NVIDP010/P000127 V5.0 





Figure 17 



NVIDP010/P000127 V5.0 




NVIDP010/P000127 V5.0 




1623 Figure 20 



NVIDP010/P000127 V5.0 




A JO. 
S J 5 



Figure 21 



NVIDP010/P000127 V5.0 




Microcode Field 


Bits 


Locution 


Delay 


Opcrri ii t i n n 

IJJllUII 


oa 


3 


0: 2 


2 


Output address 


rwe 


1 


3 


2 


RLU write enable 


rwa 


2 


4:5 


2 


RLU write address 


R23 


1 


6 


0 


RLU(MLU) read address 


R01 


I 


7 


1 


RLU(ALU) read address 


aia 


1 


3 


I 


ALU input A mux 


alu 


2 


9:10 


1 


ALU operation 


mib 


2 


11:12 


0 


MLU input B mux 


mia 


2 


13:14 


0 


MLU input A mux 


mlu 


2 


15:16 


0 


MLU operation 


mwa 


5 


17:21 


0 


MLU WBUFFER read address 


awa 


5 


22:26 


1 


ALU WBUFFER read address 


va 


4 


27:30 


0 


VBUFFER read address 


OS 


2 


31:32 


2 


LLU output address 


frm 


6 


33:38 


2 


Flag register mask 


mfe 


1 


39 


2 


MFLAG write enable 


mfa 


2 


40:41 


2 


MFLAG write address 


ife 


1 


42 


2 


IFLAG write enable 


ifa 


2 


43:44 


2 


IFLAG write address 


fia 


2 


45:46 


2 


FLU input A mux 


n u 


3 


47:49 


2 


FLU operation 


Mlc 


1 


50 


2 


MAC1 input C mux 


Mlb 


2 


51:52 


2 


MAC 1 input B mux 


Mta 


2 


53:54 


2 


MAC! input A mux 


MOc 


2 


55:56 


2 


MAC0 input C mux 


MOb 


2 


57:58 


2 


MACO input B mux 


MOa 


2 


59:60 


2 


MAC0 input A mux 


ce 


3 


61:63 


0,2 


Context memory read/ write enable 


ca 


6 


64:69 


0,2 


Context memory address 


C3a 


4 


70:73 


2 


Context3 memory address 


C2a 


4 


74:77 


2 


Context2 memory address 


Cla 


5 


78:82 


2 


Context 1 memory address 


COa 


2 


83:84 


2 


ContextO memory address 
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RECEIVING VERTEX DATA IN A BUFFER OF A FIRST SET OF 
BUFFERS, WHEREIN THE BUFFER IN WHICH THE VERTEX DATA IS 
RECEIVED IS BASED ON A ROUND ROBIN SEQUENCE 



2420 



IDENTIFYING AN EMPTY BUFFER OF A SECOND SET OF BUFFERS 
BASED ON A ROUND ROBIN SEQUENCE, WHEREIN A TRANSFORM 
MODULE IS COUPLED BETWEEN THE FIRST SET OF BUFFERS AND 
THE SECOND SET OF BUFFERS 



2422 



PROCESSING THE VERTEX DATA IN THE TRANSFORM MODULE 
AFTER THE EMPTY BUFFER OF THE SECOND SET OF BUFFERS IS 

IDENTIFIED 



2424 



OUTPUTTING THE VERTEX DATA FROM THE TRANSFORM 
MODULE TO THE IDENTIFIED EMPTY BUFFER OF THE SECOND 
SET OF BUFFERS 



IDENTIFYING AN EMPTY BUFFER OF A THIRD SET OF BUFFERS 
BASED ON A ROUND ROBIN SEQUENCE, WHEREIN A LIGHTING 
MODULE IS COUPLED BETWEEN THE SECOND SET OF BUFFERS 
AND THE THIRD SET OF BUFFERS 



PROCESSING THE VERTEX DATA IN THE LIGHTING MODULE 
AFTER THE EMPTY BUFFER OF THE THIRD SET OF BUFFERS IS 

IDENTIFIED 



OUTPUTTING THE VERTEX DATA FROM THE LIGHTING MODULE 
TO THE IDENTIFIED EMPTY BUFFER OF THE THIRD SET OF 

BUFFERS 



2426 



2428 



2430 



2432 
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